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(54) Tide: PROCESS FOR PREPARING IMIDAZOQUINOLINAMINES 
(57) Abstract 



A process for preparing 
lH-imidazo{4,5-c]<)uinolin-4-amlne3 is 
disclosed. The process involves reacting 
a 6H-imidazo(4,5<](etrazolo[ 1 ,5- 

a]quinoline with triphenylphosphine and 
hydrolyzing the product thereof. 
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PROCESS FOR PREPARING IMTOAZOOUINOLINAMINES 

Background of the InveirtiQii 

Technical Field 

5 This invention rdates to processes for preparing lH-inudazo[4,5-c]quinoliii- 

4-ainines and to intermediates for use in preparing lH*inaidazo[4,S-c]quinolin-4- 
amines. 

Description of the Related Art 

10 Certain antiviral immunomodulator lH*imidazo[4»S-c]quinolin-4-amines and 

methods for their preparation are known and disdosed. For example U.S. Pat. Nos. 
4,689,338 and 4,929,624 (Gerster) disclose a method involving the 8tq> of heating 
the corresponding 4-chioro conq>ound m the presoce of ammonium hydroxide or 
ammonia under pressure to provide the 4*amino con^>ound. U.S. Pat. No. 

15 4,988,81S (Andre) discloses a process involving amination of the 4-position of a 3- 
nitro*l,4-dichloroquinoline. This process too involves as a final sXep the reaction of 
ammonia with a 4-chlon>*lH-imidazo[4,5-c]quinoline. 

Milder methods have been used in order to introduce the 4-amiho group of 
lH-imidazo[4,S-c]quinotin-4-amines. U.S. Pat. No. 5,175,296 (Gerster) discloses a 

20 process involving the reaction of a !H-imidazo[4,5^]quinoline 5N-oxide with an 
organic isocyanate and hydrolysdng the product to provide the 4-amino compound. . 
U.S. Pat No. 5,367,076 (Gerster) discloses a process involving tiie reaction of a 
lH-imidazo[4,5-c]quinoline 5N-oxide with an acylating agent and reacting the 
product with an aminating agent to provide the 4-amino compound. U.S. Pat. No. 

25 5,395,937 (Nikolaides) discloses a process involving amination of the 4-position of 
a 3-nitroquinoIin6-2,4-disulfonate with a substituted amine. The final step of the 
process involves hydrogenolysis to provide the 4*amino compound. 
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Summary of the Invenrion 
This invention provides a process for prqsaring a lH-imidazo[4,S- 
c]quinolin-4*amine comprising the steps of: 
0) providing a tetrazolo[l,5-a]qiiin lin-S^l; 
5 00 nitrating the compound from step (i) to provide a 4-mtrotetrazolo[ I »S« 
a]quinolin-S-ol; 

Ciii) suifenylating the compound from stq> Cu) to provide a 4*nitrotArazolo[l,S- 
a]quinoiin*S-sulfonate; 

(iv) reacting the compound from step Oi>) with an amine to provide a (5* 
10 substituted)-4Htiitrotetrazolo[US*a]quinoIin-S-amii^ 

(v) reducing the compound bom stq> fiv) to provide a (S- 
substituted)tetrazolo[ 1 »5*a]qutnolin-4, 5-diamine; 

(vi) reacting the conqiound from step (v) with a caiboxylic add or an equivalent 
thereof to provide a (S-substituted) (6*9ibstituted) 6H-imidazo[4,5-c]tetrazolo[US» 

IS ajquinoline; 

(vii) reacting the compound fix>m step (vi) with triphenylphosphine to provide a 
(1 -substituted) (2-substituted) N*triphen^phosphinyl-lH-imidazo[4,S*c]quinolin-4- 
amine; 

(viii) hydrolyzing the compotmd from step (viO to provide a (1-substituted) (2* 
20 substituted) lH-inudazo[4,S-c]quinolin-4-amme; and 

(xi) isolating the ( l-substituted) (2-8ubstituted) lH-imidazo[4,5-c]quinolin-4- 
amine or a pharmaceuticaHy acceptable addition salt thereof 

This invention also provides a process for preparing a lH-imidazo[4,S- 
c]quinoIin-4-anune compriang the rteps of: 
25 (0 providing a (4-substituted) amino-2-Ghlon>-3*nitroquinolin^ 

Qi) reacting the compound fit)m stq> 0) with sodium azide to provide (5- 
sub5tituted)-4-nitrotetrazolo[l,S-a]quinofin-S-amine; 
Oii) reducing the compound from step QI) to provide a (5- 
substituted)tetrazolo[ 1 »5-a]quinofin-4,S-diamine; 
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fiv) reacdqg the compound from stq> (50 ^'vhh a caibo^ r an equivalent 
thereof t provide a (S-substitiited) (6-substituted) 6H-imida2o[4,S-c]tetrazo]o[l,5* 
ajquinoline; 

(v) reacting the comp und from step Ov) with triphenylphosphine t provide a 
5 (l-aibstituted) (2-8ubstituted) N-tripheii^phospfaiiiyl-lH-anidazo[4,S*<]quinolin-4- 
amine; 

(vO hydrolyztiig the compound from step (v) to provide a (1-substttu^ 
substituted) lH-mudazo[4,S-c]qumoUn-4-ainine; and 
(vii) isolating the (1 -substituted) (2-sub^ituted) lH-imidazo[4,5-c]quinoIin-4- 
10 amine or a phannncaiticaHy acceptable additicm sah thereof 

This invention also provides a process for preparing a lH-imidazo[4,S- 
c]quinoiin-4--amine conqmsing the steps o£ 

(i) providing a (1 -substituted) (2-substituted) 4-ch]oro-lH-imidazo[4,S- 
c]quinoIine; 

15 (ii) reacting the compound fix>m step 0) with hydraane to provide a (1- 
substituted) (2*substituted) 4-faydrazino-lH-imidazo[4,5-c]quinoIine; 
Qii) reacting die compound from step (ii) with sodium nitrite to provide a (5- 
substituted) (6-substituted) 6H-imidazo[4,S-c)tetrazolo[l,S-a]quinoIine; 

(iv) reacting the con^und from step (ui) with triphen^phosphine to provide a 
20 (1-substituted) (2-substituted) N-triphenylphosphinyl-lH*iiiiidazo[4,S-c]quinolin-4- 

amine; 

(v) hydrolyzing the compound from step (w) to provide a (1 -substituted) (2- 
substituted) lH-imidazo[4,S-c]quinolin-4-amine; and 

(vi) isolating the (1-subsdtuted) (2-substituted) lH-imidazo[4,5*c]quinolin-4- 
25 amine or a phannaceuticaily acceptable addition salt thereof 

TUs invention also provides processes involving certain of the various 
individual steps set forth above, and combinations of such steps. 

In another a^ect this invention also provides 4-nhrotetrazolo[1.5- 
a]quinolin-S-ols, 4-mtrotetrazolo[l,5-a]quinoline-S-sulfonates, (5-substituted>4* 
30 mtrotetrazolo[l,5-a]quinolin*S-ainines, (5-5ubstituted)tetrazolo[l,5-a]quinolin-4,S- 
diamines> (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[l»5- 

-3- 
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a]quinolines. (1 -substituted) (2-8ubstituted) 4-hydra2ino-lH-iniidaza 

c]qumoIiiies, and (1-substituted) (2-substhuted) N^riphenyiphosphinyMH- 

timdazo[4,5<]quinolm^ainines. 

Detailed Descrintion of thft Invetitioii 
5 Substituents designated parenthedcalty heretn indicate that the substttueot is 

optionally present, e.g., a 4-(8ubstituted) amino compound contains either an 

unsubstituted 4-amino group or a substituted 4-anuno group. 

Reaction Scheme I illustrates processes of the invention and the preparation 

ofcompounds of the invention. The unsubstituted compound of Fcmnula I b a 
10 known compound and other compounds of Formula I can be prepared by methods 

known to those skilled in the art and ^sdosed, e.g.» in Chemistry of Heteracyetic 

Compounds (English Edition), 1981, (12), 1286-1288 (Zyiyanov). 
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Reaction Scheme I 
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In step (1) of Reaction Scheme I a 4-iutrotetrazolo[l,S*a]quinoI]n*S-ol of 
Formula II is provided by nitrating a tetrazolo[l,S-a]quinoIin«S-ol of Formula I. 
Convoitional conditions for such reactions are well known. Preferred conditions in 
the instance whctc R is l^drogen involve heating in acetic add m the presence of 
nitiicadd. Preferred conditions in other instances wiOdep«d upon the particular 
tetrazolo[US-a]quinolin-S-ol used, and those ddDed in the art vnH be able to select 
suitable conditions. The product can be isolated fiom the reaction mixture using 
conventional methods. 

In step (2) of R^&ction Scheme I a 4-nitrotetraozolo[l»S-a]quinolin-S- 
sulfonate of Formula m b provided by reacting a 4-nitrotetrazolo[l,S-a]quinoiin-S- 
ol of Formula n with a sulfoiiyl halide or preferably a sulfonic anhydride. Suitable 
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sulfonyl halides indude aOcylsulfbiiyl halides such as metbanesutfonyl chloride and 
trifluoromethanesulfonyl chloride, and aryisulfonyl halides such as benzenesulfonyl 
chloride, p-bromobenzenesulfbnyl ddoride and p-tohienesulfonyi chloride. Suitable 
sulf nic anhydride include th se corresponding t the above-mrationed sulfon^ 
5 halides. Sulfonic anhydrides are preferred in view of the fiict that 

anion generated as a by-product of the reaction is a relativdy poor nudeophile and 
as such does not give rise to undesired side products such as those in i^^ch the 
nitro group is displaced. A particulariy preferred sulfonic anhydride is 
tfifluoromethancsulfbnic anl^dride. 

10 The reaction is preferably carried out by combining a compound of Formula 

n with a base, preferably an excess of a tertiary amine base (e.g., a triallgdanune 
base such as triethyl amine) in a suitable solvent such as diddoromethane and then 
adding the sulfonyl halide or sulfonic anhydride. The adcfition is preferably carried 
out in a controlled ftshion (e.g^ dropi?rise) and at a reduced tenq>erature (e.g., 

15 aboutOX). The product can be isolated by conventional methods or it can be 
carried on without isolation as desoibed bdow in connection with step (3). 

In step (3) of Reaction Sdieme I a (5-substituted) 4-nitrotetrazolo[l,S- 
a]quinoIin*5-anune of Formuhi IV is provided by reacting a 4-mtrotetrazo!o[l,S- 
a]quinolin*S-sulfonate of Formula m with an amine, preferably in the presence of an 

20 excess of an amine base in a soh^ent such as (fichloromethane. Suitable anunes 
indude anmionia and preferably primary amines. Primary amines provide 5- 
substituted anuno compounds of Formula IV wfaerdn the amino substituent is 
represented by Ri. Particularly preferred amines indude isobutylamine and 2* 
aminomethyl*2*propanoL 

23 The reaction can be carried out by adding an excess of amine to the reaction 

mbcture resulting from Stq> (2). The reaction can also be carried out by adding an 
excessof amine to a solution of the compound of Formula m in a solvent such as 
diddoromethane. As the sulfonate is a rdativety fedle leaving group the reaction 
can be rim at ambient temperature. The product can be isolated from the reaction 

30 mbcture using conventional methods. 
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In Step (4) fReacd n Sdieme I a (S-substituted)tetrazolo[l,5-a]qiiino 
4,S-dianune of Fonxuila V is provided by reducing a (S«subsdtuted) 4* 
nttrotetrazolo[l,S*a]quinolin-S-amine of Fonmila IV. M^ods for such reduction 
are weD know t th se skiDed in the art Preferably the reduction is carried out 
5 using a conventional heterogeneous faydrogenation catalyst such as platinum on 
carbon or palladium on carbon. The reduction can be conveniently carried out on a 
Paar apparatus m a solvent such as ethanoL The product can be isolated from the 
reaction mixture using conventional methods. 

In step (S) of Reaction Scheme I a (S-substituted) (6-sub^ituted) 6H- 

10 tmidazo[4,S-c]tetrazdo[l,S-a]quinoline of Formula VI is provided by reacting a (S* 
substituted)tetrazoIo[l»S-a]qumolin-4,S-diamine of Formula V with a carbor^^c 
add or an equivalent thereof Suitable equivalents to carbox^c add inchide add 
halides, orthoesters, and 1,1-dialkoxyaUcyI alkanoates. The carboxylic add or 
equivalent is sdected such that it will give rise to the deared 6*substituent in the 

15 compound of Formula VI i^dierdn the 6-substituent is designated (e.g., acetyl 
chloride will give rise to a compotmd ^ere R3 is metfa^). The reaction can be run 
in the absoice of solvent or preferably in an inert solvent in the presence of a 
carboxylic add or equivalent thereof vAth suffident heating to drive off any alcohol 
or water formed as a side product of the reactiort The product can be isolated from 

20 the reaction mbcture uang conventional methods. 

In step (6) of Reaction Scheme I a (l*substituted) (2-8ubstituted) N- 
triphenylphosphin^-lH-imidazo[4,S-c]quinolin^am2xie ofFormula Vn is provided 
by reacting a (S-substituted) (6-subsdtuted) 6H-imidazo[4,5*c]tetrazolo[l,5- 
]quinoline ofFormula VI with triphei^lphosphine. The reaction can be carried out 

25 by combining a compound ofFormula VI with triphenylphosphine m a suitable 
sohrent such as l^-dichlorobenzene and heating. The product can be isolated from 
the reaction mixture using conventional methods. 

In step (7) of Reaction Scheme I a (1-substituted) (2-substituted) IH- 
imidazo[4,5-c]quiiX3line-4-amine ofFormula Vm is provided by faydrolyms of a (1- 

30 substituted) (2-sub5tibited) N-triphenylphosphinyl*lH-imidazo[4,S-c]quinolin^ 
amine of Formula vn. Such a reaction can be carried out by general methods wdl 
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known to th se skilled in the art (cg.» by heating in a 1 wer alkanol m the presence 
of an add). The product can be isolated from the reaction nuxture by conventional 
means. 

In Reaction Scheme I, R* can be any group that can be incorporated into a 
5 sulfonyl halide or a sutfbnic anhydride. Alk^ (e.g.» meth^X haloalkyl inchiding 
perfluoroalkyl (e*g., trifluorometfayl) and ai^ (e.g., phenyl, halophenyl and tolyl) are 
all suitable. 

Reaction Scheme n Ohistrates processes of the invention and the 
preparation ofconqxiunds of the invention. Compounds of Formula IX and 
10 methods for their prqwation are known and disclosed, e.g. in U.S. Pat Nos. 

4,988,815 (Andre), and 5,268,376 (GersterX both patents being incorporated herein 
fay r^erence. 



In step (1) of Reaction Scheme II a (5-sub5tituted) 4-nitrotetrazolo[l,5- 
a]quinoliD-5-amine of Formula IV is provided by reacting a (4-substituted) amino- 
2-chloro*3-iutroquinoline of Formula DC with socfium azide. The reaction can be 




R 




Reaction Scheme n 
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carried out by combining the compound of Formula DC with sodhun azide in a 
suitable solvent such as N»N-dimethylfi)rmamide and heating (about SO^C). The 
product can be isolated from the reaction mbcture using conventional methods. 

Steps (2), (3). (4) and (5) of Reaction Sdieme n can be carried out in the 
same maimer as steps (4), (5), (6) and (7) of Reaction Scheme I respectively. 

Reaction Scheme m iUustTBtes processes ofthe invention and the 
preparation of compounds of the invention. ConqK>unds of Formula X and 
methods fbr their prq>aration are known and disclosed, e.g., in European Patent 
Application 90.301776.3. U.S. Pat Nos. 4.689.338 (GersterX 4.698,348 (Gerster). 
4,929,625 (Gerster). 4,988,815 (Andre), 5,268,376 (Gerster), and 5,389,640 
(Gersta-) all sue patents being incorporated herein by reference. 




Reacttoa Scheme m 



15 In step (1) of Reaction Scheme m a (1 -substituted) (2-substituted) 4- 

hydrazino-lH*imidazo[4,5-c]quinoline of Formula XI is provided by reacting a (1- 
substituted) (2-substituted) 4-chloro-lH-imidazo[4.S-c]quinoIine of Formula X with 
hydrazine. The reaction can be carried out by combiiung a compound of Formula X 
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With an excess fhydrazme axid heating if necessaiy. The product can be isolated 
from the reacti n mixture u»ng conventi nal methods. 

In step (2) of Reaction Scheme m a (5-substituted) (6-subttituted) 6H- 
inudazo[4,5-c]tetrBzol [l,S-a]quinoUne of Fonnula VI is provided by reacting a (1* 
5 substituted) (2-substituted) 44iydrazino*lH-imidazo[4,S-c]quinoline of Fonnula XI 
with sodium nitrite. The reaction can be carried out by conibining the conq>ound of 
Fonnula XI with sodium nitrite in a suitable sotvot (e.g.» water) in the presence of 
an add (e.g.» acetic add). The product can be isolated from the reaction mixture 
using conventional methods. 

10 Steps (3) and (4) of Reaction Scheme m can be carried out in the same 

manner as steps (6) and (7) of Reaction Scheme I respectively. 

The compounds of Fonnula Vm can be used in the form of add addition 
sahs such as faydroddorides, dihydrogen sul&tes» tril^drogn phosphates, hydrogen 
nitrates, methane sulfonates and salts of other phaimaceutically acceptable adds. 

15 Pharmacoitically acceptable add addition salts of Formula Vm are generally 
prepared by reaction of the respective compound with an equimolar amount of a 
strong add, preferably an inoiganic add such as hydrochloric, sulfiiric or 
phosphoric add or an orgamc add such as methanesulfonic add in a polar solvent. 
Isolation ofthesahufiidUtatedt^ the addition of a solvent m which the salt is 

20 insoluble (e.g., diethyl ether). 

Processes of the invention provide as a final product a lH*imidazo[4,S- 
c]quinolin-4-ainine, preferred embodiments of which can be represented by Formula 

vm. 

Preferably the lH*imidazo[4,S-c]quinolin-4-amine is a compound defined by 
25 oneofFonnulasXXI-XXVbdow: 
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XXI 



wherdn 

Rii is sdected fiom the groiq> consisting of aDc^ hydroxyalkyl, 

5 acyloxyaD^ benzyl, (phen^)ettiyl and phenyl, said hcazyl^ (phei^)ethyl or phenyl 
substituent being optionally substituted on the benzoie ring by one or two moieties 
indq)radently selected from the group consistmg of alkyl of one to about four 
carbon atoms, dkmy of one to about four caibon atoms and halogen, with the 
proviso that if said benzene ring is substituted by two of said moieties, then said 

10 moieties tog^er contain no more than 6 catbon atoms; acylaminoaU^ i;^eretn the 
alk^ moi^ conlmns two to four carbon atoms; disubstttuted aminoalkyl v^er»n 
the dJkyl moiety contains two to four carbon atoms; morpholinoall^l wherein the 
alkyl mot^ contains two to four carbon atoms; R31 is selected from the group 
consisting of hydrogen, alkyl of one to about ei^t caibon atoms, benz^ 

15 (phenyl)ethyl and phenyl, the benzyl, (phenyl)ethyl or phenyl substituent being 
optionally substituted on the benzene ring by one or two moieties independently 
selected from the group conasdng of alkyl of one to about four caifoon atoms, 
alkoxy of one to about four caibon atoms and halogen, with the proviso that when 
the benzene ring is substituted by two of said moieties, then the moiedes together 

20 contain no more than 6 caibon atoms; and each Ra is indq>endently selected from 
the group consisting of alkoxy of one to about four caibon ^oms, hdogen and all^l 
of one to about four carbon atoms, and n is an integer fix)m 0 to 2, with the proviso 
that if n is 2, then said Ra groups together contain no more than 6 caibon atoms; 
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xxn 



Rn is sdected finom the group consisting of straight chain or brandied chain 

s alkrayl containiiig 2 to about 10 caxbon atoms and substituted st^ 

branched dminalken^ containing 2 to about 10 carbon atoms, wherein the 
substituent is selected from the group consisting of straight diahi or branched chain 
aDcyl containing 1 to about 4 carbon atoms and ^doaD^ contaixung 3 to about 6 
carbon atoms; and cydoalM containing 3 to about 6 carbon atoms sub^tuted by 

10 strai^ chain or branched duun alk^ containing 1 to about 4 carbon atoms; and 
R23 is selected from the group conasting of hydrogen, straight chain or 
branched chain alkyl containing one to about dght carbon atoms» beniz^ 
(phenyl)ethyl and phenyl, the ben^ (phenyl)ethyl or phenyl substituat being 
optionaUy substituted on the benzoic ring by one or two moieties independently 

15 selected from the group conastmg of straight chain or branched cham alkyl 

containmg one to about four carbon atoms, straight chain or branched chain alkoxy 
containing one to about four cartx>n atoms, and halogen, with the proviso that when 
the benzene ring is substituted by two such moires, then the moieties together 
contain no more than 6 carbon atoms; and 

20 each Ra is indq>endently sdected fit>m the groiq) consisting of straight chain 

or branched chain alkoxy containing one to about four carbon atoms, halogoi, and 
straight diain or branched diain alkyl contaming one to about four cartx>n atoms, 
and n is an integer from zero to 2, with Ae proviso that if n is 2, then said Rb 
groups together contain no more than 6 carbon atoms; 



-12- 



wo 97/48704 



PCT/US9fi/16972 




R23 



^00 

xxm 



wherein 



10 



R23 is selected from the group oonsisttng of hydrogen, straight chain or 
branched chain aD^ of one to about eight carbon atoms, t>ett^ (phen^)eth^ and 
phenj^ the benzyl» (phenyl)ethyi or phenyl substituent bdng optionally substituted 
on the benzme ring by one or two moieti^ independently sde^ed from the group 
consisting of straight chain or branched chain alk^ of one to about four cart>on 
atoms, straight chain or branched chain alkos^ of one to about four carbon atoms, 
and halpgn, wUh the proviso that when the benzrae ring is sub^ituted by two such 
moieties, then the rnoietiiBS together contain no more than 6 carbon atoms; a^ 

each Rc is independently sdected from the group corisisting of strai^ ^ 
or branched chain alkoT^ of one to about four carbon atoms, halogen, and straight 
chain or branched chain alkyi of one to about four carbon atoms, and n is an integer 
from zero to 2, with the proviso that if n is 2, then said Rc groups together contain 
no more than 6 carbon atoms; 




XXIV 
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wherein Rm is *CHR«Ry 
wherein 

R, is hydrogen or a caifaon-carbon bond, with the proviso that when Ry is 
hydrogen Ri is alk xyof ne to about four carbon atoms, hydroxyaikoxy f neto 

5 about four carbon atoms, 1-alkynyl of two to about ten carbon atoms, 

tetrahydropyranyl, alkoxyaO^l wherrin the alkoxy moiety contains one to about 
four carbon atoms and the alkyl moiety contains one to about four carbon atoms, 
2-, 3-, or 4*pyridyl, and with the further proviso that whenRy is a carbon-carbon 
bond R, and R« together form a tetrahydrofiiran^ group optionally substituted with 

10 one or more substituents independently selected from the group consisting of 
hydroxy and faydioxyailQd of one to about few carbon atoms; 

R34 is selected fiom the group consisting of hydrogen, alkyl of one to about 
four carbon atoms, phenyl, and substituted phen^ wherein the substituent is 
selected fit>m die group consistii^ of aO^ of one to about four carbon atoms, 

15 alkoxy of one to about four carbon atoms, and halogen; and 

Ro b sdected from the group consisting of hydrogen, straight cham or 
brandied chain alkoxy contahung one to about four carbon atoms, halogen, and 
straight chain or branched chain alkyl containing one to about four carbon atoms; 



20 




XXV 



wherdn 

Ris is sdected from the group consistii^ o£ hydrogen; straight chain or 
branched chain alkyl cont^ng one to about ten carbon atoms and substituted 
2S straight chain or branched chain alkyl containing one to about ten caibon atoms, 
lA^ieretn the substituent is selected from the group conasting of cydoalkyl 
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15 



20 



containing three to abcnit six carbon atoms and cydoalkyl containing three to about 
six carbon at ms sidistituted by straight chain r branched chain alkyl containii^ 
one to about f ur carbon atoms; straight chain r branched chain alkeny] containing 
tw t about ten carbon at ms and substituted strai^ chain r branched chain 
alkenyl containing two to about ten carbon atoms» wherein the substituent is 
selected from the group considing of cydoall^ contaming three to about six 
carbon atoms and ^doaO^ containing three to about sbc carbon atoms substituted 
by straight chain or brandied chain alk^ containmg one to about four carbon atoms; 
hydnDQralkyI of one to about sbc carbon atoms; Okaxydlkyl v/htx&n the aUcoxy 
Dudety contains one to about four carbon atoms and the alkyl moiety contains one 
to about sbc carbon atoms; ac^oxyaO^ wherein the acjioxy moiety is aUcanoyloxy 
of two to about four carbon atoms or benzoyloxy, and the aUcyl moiety ccmtains one 
to about ax carbon atoms; benz^ (phenyi)etb^ and phei^; said ben^, 
(phenyl)eth^ or phenyl substituent being optionally substituted on the benzene ring 
by one or two moieties independratly selected from the group con^sting of alk^ of 
one to about four carbon atoms, tSkoxy of one to about four carbon atoms, and 
halogen, with the proviso that vAcn said benzene ring is substituted by two of said 
moieties, then the moieties together contain no more than six carbon atoms; 
acylaminoalkjd wherein the all^l moiety contains two to four carbon atoms; 
disubstituted aminoalkyi wherein the alkyl moiety contains two to four carbon 
atoms; moiphohnoalkyl v^erdn the alkyl moiety contains two to four carbon 
atoms; 



Rs and Rt are independently selected from the group consisting of 
hydrogen, alkyl of one to about four carbon atoms, phenyl, and substituted phenyl 



Rzsis 




wherein 
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i?^ierein the subsdment b sdected firom the gr^ fall^ f one to 

about four cart>on atoms, alkoxy f one to about four carbon atoms, and hal gen; 

X is sdected from the group consisting f alkoxy contafaiing one to about 
four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains one to about 
5 four carbon atoms and the alkyl moiety contains one to about four caibon atoms, 
haloalkyl of one to about four caibon atoms, alkylamido wheriein the ali^ group 
contains one to about four caibon atoms, amino, substituted ammo ^^lerein the 
substituent is alkyl or hydroxyalkyl of one to about four caibon atoms, azido, 
aD^thio of one to about four carbon atoms; and 
10 Rb is selected from the group consisting of hydrogoi, straight chain or 

brandied chain dlkoxy contaiiung one to about four caibon atoms, halogen, and 
strai^ chain or branched chain all^l containing one to about four carbon atoms; 

or a phannaceutically acceptable sah of any of the foregoing. 

The compounds recited above are disclosed and claimed m the several 
15 patents noted above in the Summary of the Invention and discussed below. 

fa instances \rfieie n can be zero, one, or two, n is preferably zero or one. 

Ilie substituents Ra-Re d>ove are qiedes embraced by R. The preferred R 
substtturat is hydrogen. 

The substituents Ri rR]5 above are species embraced by Ri . The preferred 
20 Ri substituents are alk^ of one to about sbc carbon atoms, hydroxy alkyl wherdn 
the alkjd moiety contains one to about 6 caibon atoms, and aiylalkyi \^ierein the 
aDcyl moiety contains one to about three carbon atoms. Most preferably the Ri 
substituent is 2-metfaylpropyl, 2*faydroxy-2**in^faylpropyl, benzyl or phenyleth^. 

The si^stituoits RsrRu above are spedes embraced by Ra The preferred R2 
25 sub^tuents are hydrogen, alkyl of one to about four carbon atoms, alkoxyall^ 
^^lerein the alkoxy moi^ contains one to about four caibon atoms and the all^l 
moi^ contains one to about foxu* caibon atoms, hydroxyl alkyl ^^A»ein the alkyl 
moiety contains one to about four caibon atoms, haloalkyl wfaerdn the alkyl moiety 
contams one to about four carbon atoms, and aiyloxymethyl. Most preferably the 
30 R] substituent is hydrogen, methyl, ethoxymethyl, orbozyl. 
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Certain R substituents, R| substhuesta, and R3 substituents will be 
incompatible with the particular reaction conditions described above io connection 
with the Reaction Schemes. Those skilled in the art, however, will be able to select 
akemative condtti ns underi;^ch the several steps can be carried utand/or 
5 methods of fiinctional group protection and manipulation that will allow the use of 
the processes of the invention in the prqmralion of lH*tmidazo[4,S*c]quinolin-4- 
amines of diverse stiuctures. 

Certain lH-incudazo[4,5<]quinolin-4*aniines have been disclosed as antiviral 
agents (see, e.g., European Patent Application 90.301776.3 (GersterX U.S. Pat. 
10 Nos. 4,689.338 (Gerster), 4,929,624 (Gerster), 5.266,575 (Gcrstcr). 5,268,376 
(Gerster). and 5,389,640 (Gerster) all five patents incorporated herein by 
reference). Certain of these compounds are also known to induce biosynthe^ of 
cytokines such as interferons, interleuUns. and tumor necrosis &ctor in humans and 
in mice. 

15 The Exanq)lesbdow are intended to ilhistrate the invention. Allpartsand 

percentages are by weight unless otherwise indicated, 

Exanq>le 1 
TetrazoIo[l,S-a]quinolin-5«ol 

EaaA 

20 Anthranilic add (274.3 g) and acetic anhydride (1.1 L) were combined then 

heated at reflux for 3.5 hours. The reaction nuxture was concentrated under 
vacuum. The residue was combined with methanol (550 mL) then concentrated 
under vacuum to provide 2*methyl-4*oxo*3, 1 -benzoxazine as a brown oil 
PartB 

25 The crude 2-methyl-4-oxo-3, 1 -benzoxazine was dissolved in acetic add (1.9 

L). Sodhim adde (130.0 g) was added to the solution in portions with stirring. The 
reaction mixture was cooled in an ice bath to i m i n tam the reaction tenq>erature at 
25 to 30*'C during the additioa The reaction mixture was allowed to stir at ambient 
temperature ov^ the weekend. The acetic add was removed under vacuum to 

30 provide a white solid. The solid was combined with 10% sodhim hydroxide (1 .4 L) 
then heated on a steam bath for 1 hour. Addhional sodmm hydroxide (120 g of 
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50% sodium hydroxide) was added. The mixture was healed on a steam bath for an 
additi nal hour then aDowedt coolt ambient temperature overnight Addhi nal 
sodium hydroxide (120 g of S0% sodium hydroxide) was added. The nuxture was 
heated n a steam bath for 2 hours then allowed to cool. The reaction mixture was 
5 poured with rapid stiirii^ into a mixture of concentrated l^drochloiic add (1.0 L) 
and ice (3 L). The resuhing mbcture was stinred at ambient tenq)erature oveniight. 
A precipitate was isolated by filtration, rinsed with water then shuried with water (4 
L). Thesolid was isolated by filtration, rinsed with water then oven dried at 50^C 
to provide 278.0 g of aude 2-(5*metfa^-lH-tetrazol-l-yl)benzoic add as a tan 

10 solid, OLp. 1S7-160X. The crude material was dissolved in 10% sodhmi hydroxide 
(2.SL). The resulting sohition was heated (9S-99^C) for 2.5 hours, cooled, then 
poured with vigorous stirring into a mixture of concentrated hydrochloric add (500 
mL) and ice (5 L). The resulting mixture was allowed to stir for 2 hours. The 
precq)itate was isolated t^fihration, rinsed with water, then shirried with water (3 

15 L). The soUd was isolated by filtration, rinsed with water then dried overdght at 
ambimt taq>erature to provide 228 g of 2-(5-methyl*lH*tetrazol-I-yl)benzoic add» 
m.p. 164-166^C 
Parte 

Acetone (3.2 L) and 2-(S-methyi-lH-tetrazol-l-yl)benzoic add (228 g) 
20 were combined then stin^ at ambient teiiq>erature for 15 minutes. Potassiimi 

carbonate (228 g) was added to the reaction mixhire in a siiigle portion. lodoethane 
(366.8 g) was added dropwise to the reaction mbcture produdng a slight exothenn. 
The reaction mbcture was heated at reflux for about 4 bmirs then stirred ovemig^it 
while coolirig to ambient tenq)erature. The precipitated salts were removed by 
2S filtration then rinsed witiiac^ne. The combined filtrates were evaporated under 
vacuum. The reddue was dissolved in dichloromethane (1.5 L). The 
dicUoromethane solution was washed vnth watra- (1.5 L), dried over tnagnwa^Tft) 
sulfate then concentrated under vacuum to provide 227 g of etiiyl- 2-(5-methyl-lH* 
tetrazol-l*yl)benzoate as a ^te solid mp. 98-lOO^C 
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FanP 

Potasshim ethoxide (173.5 g) was added in portions with stirring to a 
mixture f ethyl- 2«(S-inetbyl- IH-tetrazol-l *^benzoate (227 g) and N,N- 
dimethjif rmamide (L6L). The reaction mixture was cooled with an ice bath to 
5 control the resulting cxotheroL The reaction mixture was stirred ovemi^ at 

ambient temperature then quenched with water (17 L). The pH was adjusted to pH 
5 with acetic add (170 mL). The resulting predpitate was isolated by filtration, 
rinsed with water then rcshirxied with water (2.5 L). The solid was is>lated by 
filtration, rinsed with water then oven dried (55 to 60^C) fisr 16 hours to provide 
10 169.0 g of a white solid. A3.0g8asq)lewasrecry^aflizedfiT>m 

cdianol/dichloromethane to provide tetrazolo[l,5-a]quinolin-5ol as a white solid, 
m.p. 248''C (dec.). Analysis: Calculated for C»H6N40: %C, 58.06; VM, 3.25; %N, 
30.09; Found: %C, 58.02; %H 3.29; %N. 30.20. 

Exam(rie2 

15 4-NitrotetrazoIo[l,5-a]quinolin-5-ol Hydrate 

Tetrazolo[l,5*a]quinoGn-5-ol (10 g, 54 mmole, Example 1) was suspended 
in acetic add (200 mL) then wanned to 40^C. >Gtricadd(4inLof 16M, 59 
mmole) was added to the reaction mixture. The reaction mixture was heated at' 
80°C for 30 minutes thra allowed to cool to ambient temperature. The resulting 

20 precqntate was isokted by filtration, rinsed with water then recrystallized from 
isopropanol/water to provide 8.1 g of 4-mtrotetrazolo[l,5-a]quinolin-5-ol hydrate 
as light yellow plates, m.p. 186.5*187'C. Anaty^: Calculated for C^HsNsOa • 
H2O: %C. 43.38; %H. 2.83; %N, 28.10; Found: %C, 43.27; %H, 2.84; %N, 28,25. 

Exan4>le3 

25 2-Meth^[(4-nitn>-S-tetrazolo[l,5-a]quinolin)d)amino]-2-propanol 

Sodmm azide (19.5 g, 0.3 mdes), 2-methyl*[(2-cfaloro-3-nhroquinolin-4- 
yl)amino}-2-pP0pano] (29.6 g, 0.10 mole, U.S. Pat No. 4,988,815 Exanq)le 12) and 
N,N*dimethylfonnamide (100 mL) were added to a jadceted 1 liter round bottom 
flask with the outside portion contaimng acetone. The reaction nuxture was stirred 

30 with a sdning bar and the acetone refluxed to provide a constant internal reaction 
temperature fS3*'C. After 18 hours the reacti n mixture was dihited with wato- 
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(100 mL). The resulting ydl w precipitate was isolated by filtration then washed 
with S0% N,N-<limetfa)iforinanudeAvater until the washes became light colored. 
The yell w/grea solid was thai washed with watff, pressed dry and washed with 
ethtf. The solid was air dri«l t provide 27.2 gofcnide product as a yellow/light 
5 green solid. This material was recrystallized fit>m ethanol/dicUoromethane to 
provide 2-methyl*[(4*nitro-5-tetrazolo[l,S-a]quinolin^^mino]-2-prop^ as a 
yellow crystalline solid, mp. 204®C (dec.). Analysis: Calculated for C13H14N6O3: 
%C, 51.65; %H, 4.67; %N, 27.8; Found: %C, 51.30; %H, 4.69; •/oN, 27,43. 

Exanq>le4 

10 [(4-Annno-5*tetrazolo[l,5-c]qumolin^)anmo>2-me^ 

2»Nfetl9l-[(4-nitro-5-tetrazolo[l,5-a]quinolixi^)andno]*2*propai^ (30.2 g, 
0.10 mole» Example 3), ethanol (300 mL) and 5% Pd/C (l.O g of 50% water wet) 
were placed in a PaarqypaiBtus. The mixture was hydrognated. Thenuxturewas 
diluted with dicUoromethane then filtered to remove the catalyst. Thefihratewas 

15 concentrated under vacuuncL The oude product was reciystallized firom ethanol to 
provide 20.5 g of [(4<4unino-S*tetrazolo[l,5<«]quinolinyl)amino]-2-nKthyl-^ 
propanol as a yellow/green crystalline solid, m.p. 164*167^C. Analysis: Calculated 
for CisHiftNeO: %C, 57.33; %H, 5.92; %N, 30.88; Found: VeC, 56.94; %H, 5.88; 
%N, 30.80. 

20 ExaR^>le 5 

QC.a-Dimeth^-6H-imidazo[4,5rc]tctrazolo[l,5-a]quinoline-6-<t^ 
[(4*Amino*5*tetrazoIo[ 1 ,5-c]quinolmy0amino]-2-methyI-2-propanol (5 g, 
0.18 mole. Example 4) was dissolved in trieth^ orthoformate (17 g). The sohition 
was heated at 120X for 20 hours. The reaction mixture was allowed to cool to 

25 ambient temperature then it was diluted with 1 N hydrochloric add. Formic add 
(20 mL) was added to the mixture which was then heated at reflux for an hour. The 
reaction ndxture was concentrated under vacuum then neutralized with sodmm 
hydroxide. The crude product was recrystallized fi-om ethanol/ethyl acetate to 
provide a,a-diineth^-6H-inudazo[4,5<]tetrazolo[l,5*a]quinolirie-6*ethm as a 

30 sohd, ntp. 245-248''C. Analysis: Calculated for C14H14N6O: %C, 59.55; %H, 4.99; 
%N. 29.77; F und: %C, 59.44; %H,.4,93; %N, 29.65. 
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ExaxapltS 

ot,a,S-TrimetliyI-^-iinidazo[4,S-c]teti3zob 

Acetyl chloride (1 6 g, 0.Q20 mole) was added dropwise t a solution of [(4- 
amino-5-tetrazolo[l,5<]qumolix9l)a2nm ]-2*inetl^-2*propanol (S g, 0.18 mole, 
5 Example 4) in acetomtiile. The reaction mixture was stined at ambient tenq)erature 
for4hours. The resuhing predpitate was isolated Iqr filtration then dissoh^ 
acetic add (about SO mL). This solution was refluxed for 2 hours then nwtralized 
with carbonate. The crude product was isolated by filtration then reoystallized 
initially firom hocam/ethyl acetate then from ethanol/etfayl acetate to pro^de a,a, S- 
10 trimethyl-6H-tinidazo[4,5-c]tetrBZolo[l»5-a]quinoIm&-6<^ as a solid, m.p. 
202.20SX. Analysis: Calculated for CisHi^tO: %C 60.8; S.44; %N, 28.36; 
Found: %C, 60.68; %[i 5.48; %N, 28.28. 

Example? 

4«Hydraano-l-(2-methylpropyl)»lH-iinidazo[4,S-c]quinoiine 
15 4-Giloro-l-(2-«etfaylpropyl)-lH-imidazo[4,S-c]quinoline (10.0 g, 0.0385 

moles, U.S. Pat. No. 4,689,338 Example 77) was added to hydrazine (30 mL). The 
mixture heated r^)idly to refiux. The solid dissolved with a vigorous heat of 
reaction then a predpitate formed as the reaction mixture refluxed. The reaction 
mixture was diluted with water. The predpitate was isolated by filtration then 
20 suspended in water (100 mL). The solid was brought into solution by the addition 
of acetic add. The solution was filtered to remove traces of undissolved solid. The 
fikrate was nude basic by the additbn of ammonium hydroxide. The resulting 
predpitate was isolated by fihratioii, washed with water then dried to provide 8.0 g 
of crtule product as a v^e solid. A sample of this material was reoystallized firom 
25 methanol to provide 4*hydrazino-H2*meth^propyI>-lH-4midazD[4,5<]quinolm 
m.p. 202.20S»C. Analysis: Calculated for C14H17NS: %C, 65.86; %H, 6.71; %N, 
27.43; Found: %C, 65,20; %H, 6.6; %N, 27.5. 

Example 8 

6-(2-Metfaylpropyl)-6H-imidazo[4,5-c]tetrazolo[l,5-a]quinoline 
30 A solution of sodium nitrite (2.0 g. 3 mmole) in water (5 mL) was added to 

a sohition of 4-hydra2ino-H2*meth)4propyl)-lH-imidazo[4,S-c]quinoIine (4.0 g, 
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15.7 niinole. Example 7) in a mixtiue of ac^c add (S mL) aad water (SO mL). The 
reaction mixture was stirred at ambient te mpera t u re for IS mimites. A precipitate 
was isolated by fihrali n» washed with water then air dried to provide 4.1 g of cnide 
product. This noaterial was recrystallized from diddonmiethanc/rtha^ 
5 3.0 g of 6-(2-meth^pn)pyl)-6H*imidazo[4,S<)tttazolo[l,S*a]quinoline as a cream 
colored crystalline solid, m.p. 208-212*^0. Analysis: Calculated for C14H14N6: %C, 
63.14; %H. 5.30; %N, 31.56; Found: %C. 62.60; %H, 5.2; %N. 31.5. 

Exanqde9 

a,a-Dimetfayl-6H-knidazo[4,5-c]tetrazolo[l,5^](piin^ 

10 A susqpengon of 4<hlorD-a,a-dnnedi^lH-inudaxo[4,5-c]qiunoliiie-l- 

ethanol (1 .0 & 3.6 mmole, U.S. Pat. No. 4,689,338 Example 189 Part D) m 
hydrazine (3 ml^ 6.9 nunole)vnu heated on a steam baA for I hour then dihzted 
withwater. The resulting predpitate was isolated by filtration. Thesolidwas 
dissoWed in a mixture of acetic add (2 mL) and water (IS niL) then ccmibu^ 

15 a sohttionofsodmm nitrite (0.5 g) in water. The resulting predpitate was isolated 
by filtration, washed with water and dried to provide 0.71 g of a,a*diroethyI-6H- 
imidazo[4,5-c]tetrazolo[l,5-a]quinoIine-6HrthaAol as a white solid, m.p. 246-24T'C 
(shrunk at 230^C). Analysis: Calculated for C14H14N6O: %C, 59.56; %H, 5.00; 
%N, 29.77; Found: %C, 59.45; %H, 5,06; %N, 29.51. 

20 Example 10 

H2-Methylpropyl>N-triphen^phosphiiqrl-lH-tniidazo[^^ 

6-(2-MethylpropyI)-6H-imidazo[4,5^;]tetrazolo[l,5-a]quu^ (0.2 g, 0.75 
mmole, Exanqile 8), tr4)henylphosphine (0.4 g, 1.5 mmole) and 1,2- 
dichlorobenzene (5 mL) were coinbmed and heated at reflux overnight. The 

25 reaction mixture was concentrated under vacuum then diluted with cydohexane (25 
niL). The resdting predpitate was isohoed by filtration, washed with cydohexa^ 
then dried to provide lK2-methyipropy!)-N-triphen^phosphiiqrl-lH-imidazo[4,S- 
c]qumolin-4-amme as a soHd, m.p. 209-210^C. Analysis: Calculated for CnH^4P: 
%C, 76.78; %H, 5.84; %N, 11.19; Found: %C, 76.03; %H, 5.87; %N, 1 1.09. 
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Example 11 

4-AininoMX,a*diniethyl-lH4in]dazo[4,S-c]c^ 
Triphenjiphosphine (4.S g, 17.0 mmole) was added to a mixture of a»a- 
dime%i-6H-imidazo[4,5-c]tetrazolo[l,S-a]quim>Ii^^ 1 (2.4 g, 8.S mmole» 
5 Example 9) and l,2-dichlord)enzene. The reaction mixture was heated at reflux for 
3 hrs then concentrated under vacuum. The readue was combined with methanol 
(400 mL) and hydrochloric add (SO mL of 0.5N) then heated on a steam bath for 2 
hours. The resuhing piedpitate was isolated by filtration then wash 
The solid was dissolved in water and the sohxtion was made basic with 1 0% sodhmi 
10 hydroxide. After sdrmg for 30 minutes^ the reaction mbcture was fihered. The 
collected solid was rinsed with' water and ether then recrystallized from N,N- 
dimetfaylformamide/ethanol to provide about 1 g of 4-amino-a,a-dimethyMH- 
imidazo[4,S^]quinoline-l-edianol as a solid, m.p. 271-273^C. Analysis: Calculated 
for C,4Hi6N40: %C, 65.6; %H, 6.29; %N, 2LS6; Found: %C. 65.37; %H, 6.26; 
15 %N, 21.61. 

, Example 12 
l-(2-Metfaylpropyl)-lH-imidazo[4,5-c]quinolin-^^ 
l-(2*Meth^propyI)-N-triphei^phosphinsd-lH-imid^ 
amine (100 mg. Example 10) was suspended in a mixture of methanol (3 mL) and 
20 hydrochloric acid (10 mL of 0.5N). The mixtaire was heated on a steam bath for 2 
hours then allowed to stand at ambient temperature ovonigfat. The reaction 
mixture was filtered. The filtrate was made ba^ with 10% sodium hydroxide. The 
resulting precipitate was isolated by filtration then dried to provide 1*(2- 
methylpropyl)-lH-imidazo[4,5-c]quinolin-4-amine. The spectral properties of this 
25 material matdied those of an authentic sample. 

Example 13 
4-Nitrotetrazolo[l ,5-a]quinolin-S-ol 
Aqueous sodium hydroxide (30 g of 50%) was added to a suspendon of 2- 
metfayl-[(4-nitro-5-tetrazolo[l,5*a]quinolin^)anuno]-2-propanol (34.0 g, 0.1 125 
30 mole. Example 3) in water (500 mL). The mbcture was heated on a steam bath and 
the solid dissolved rapidly. The solution was heated for about 30 minutes and then 
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upon Stirring a solid began to precipitate. The mixture was made acidic with 6N 
hydrochloric add. The resuhing solid was isolated by filtration; washed in 
succession with water, ethanol and ether, then dried under vacuum at lOO^C to 
provide 23.2 g f crude product as a pale yellow/green solid. A sample (3.2 g) was 
5 reoystaUized initiaUy firom methanol/dichloromethane and then fiom tohiene to 
provide 4-nitrotetrazolo[l,5-a]quinolin-5-oL Analysis: Calculated for C9H3N5O3: 
%C. 46.76; %H 2.18; %N. 30.29; Found: %C. 46.85; •/oH, 2.23; %N, 29.91. 

Example 14 

4*Kitrotetrazolo[ 1 ,5-a]quinolin-5-yqtrifluoromethanesulfon8te 
10 Trieth^amine (0.6 mU 4.32 mmole) was added to a suspenaon of 4- 

nitrotetrazolo[l,S^]quinoIin*S«ol (1.0 4.32 mmoles. Example 2) in 
dichloromethane (20 mL). The readion mixture was cooled to 0*^C. Trifiic 
anhydride (0.73 mL, 4.32 mmole) was added. The reaction mixture was stirred for 
3 hours at O^C. The reaction nuxture was dihited with diddoromethane (SO mL), 
15 washed with O.S N hydrochloric add, dried overmagnesium sulfite and 

concentrated under vacuum. The residue was combined with hexanes(l 00 mL), 
refluxed for IS minutes and fihered. A solid predpitated fit>m the filtrate on 
cooling. The solid was isolated by filtration and dried to provide 0.2 g of 4- 
mtrotetrazolo[l,S-a]quinolin-5-^]trifluoromethanesulfonate as a white solid, ntp. 
20 132-134^C. Analysis: Calcubted for CioH,4F3N505S: %C, 33.07; %H, l.1 1; %N, 
19.28; Found: %C, 33.19; %H, 1,28; %N. 19.61. 

Exanqde IS 

N-(2-Metfayipropyl)-4-nitrotetrazolo[l ,S*a]quinolin-5-amine 
Isobutylamine (1 mL) was added to a sohition of 4-nitrotetrazolo[l,S- 
25 a]qimiolin*5-yl]trifluoromethane$ulfonate (O.S g, 1 .37 mmole» Example 14) in 

dichloromethane (SO mL). The reacdon nuxture was birred at ambient temperature 
for 4 hours, diluted with dichloromethane (SO mL), washed with water (2 X SO 
mLX dried over magne^um sulfate then concentrated under vacuum. The residue 
was purified by filtering through a layer of silica gd ehxting with 2% methanol in 
30 dichloromethane. Hie resulting ydlow solid was recrystallized firom ethyl acetate to 
provide 0.31 g of N-(2-methylpropyl)-4-nitrotetrazolo[l,S-a]quinolin-S-amine, 
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in.p. 152-154«C. Analysis: Calculated forCuH,4N602: %C, 54.54; VaH, 4.93; %N, 
29.35; F und: %C. 54.45; %H 4.73; %N, 29.47. 

Example 16 

N^-(2-Nfeth^propyi)tetra2oto[l,5-a]quinoIine-4,5*di 
5 N-<2-Metlrylpropyl)-4-iutrotetrazolo[l,5^]qum (1.0 g, 3.5 

mmole; Example IS), ethanol (100 roL) and Pt/C were placed in a Paar ^aratus. 
The mixture was hydrogenated at 50 pa (3.44X10^ Pa). The reaction nurture was 
fihmd to ronove the catalyst then concentrated under vacuum. The residue was 
recrystallized from ethyl acetate to provide 0.35 g of N'-(2* 
10 metfayipropyl)tetrazolo[l,S-a]qutnoline-4,5-diamtne as off \^te needles, m.p. 148- 
150^C. Analysis: Calcutated for CtaHwN^: %€, 60.92; %H 6.29; %N, 32.79; 
Found: %C, 60.94; %H, 6.25; %N, 32.93. 

Example 17 

6*(2-Kfetb^propyl)-6H*inudazo[4,5-c]tetr8zolo[l,5-a]qui^ 
15 N^2-KfethyIpropyl)tetrazolo[l,5-a]quinoline^,5wliamine (0.2 g, 0.78 

mmole. Example 16) was combined with diethoxymeth^ acetate (2 mL) and heated 
on a steam bath for 3 hours. Water (10 mL) and 10 % sodium Iqrdroxide (2 mL) 
were added and the reaction mbcture was heated on a steam bath for 1 hour. A 
solid was isolated by filtration thoi recrystallized from methanol/ethyl acetate to 
20 provide 0. 1 6 g of 6-(2-methylpropyI)-6H-imida20[4,5-c]tetrazolo[ 1 ,5-a]quinoline 
as a white oystaOine solid, m.p. 210-212^C. Analy^: Calculated for Ci4Hi4N^: 
•/oC, 63.14; %H 5.30; %N, 31.56; Found: %C 63.12; %H, 5.32; %N, 31.61. 

Example 18 

N-(l , 1 -Dimethy]ethyl)*4*nitrot^razoIo[l ,5-a]quinolin-S*aniine 
25 Triethylamine (6 mL), 4-nitrot^razolo[l,5*a]quinolin-5K)l (8.7 g, 37.6 

mmole. Example 13) and diddoromethane (100 mL) were combmed and stirred at 
ambient temperature until a solution was obtained. The solution was cooled to - 
15^C. Triflic anhydride (6.5 mL) was added in portions to the cooled solution. The 
reaction mixture was allowed to warm to ambient temperature then filtered through 
30 a layer of silica gel. The filtrate was washed with cold dihite hydrochloric acid then 
dried over magneshun sulfate. Triethylamine (5.25 mL) vras added to the 
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dichloromethane solution and the resulting mixture was stirred for about 10 
minutes. len-Butylamine (4.2 mL) was added dropwise to the reaction mixture. 
The reaction mixture was heated n a steam bath f rab ut IS minutes. The 
resulting solid was isolated by filtration then purified by silica gd chromatography 
5 to provide the crude product as a yeDow solid. This material was recrystallized 
firom ethanol/water to provide 5 g of N-(l,l-dimetfaylethy])-4-nstrotetrazolo[l,5- 
a]quinoIin-5"amine. The stiucture was confirmed by nuclear magnetic resonance 
sptttroscopy. 

Exan^le 19 

10 N^lJ4>hnethylethyl)tetrazolo[l,S-a]quinolme^ 

N<1 J-dinietfa^ethyl)-4-nitrotetrazoIo[l,S-a]quinoli^ (4.2 g, 

Example 18), ethanol (100 mL) and Pt/C (O.S g) were placed in a Paar q>paratus. 
The mixture was hydrogenated. The reaction mbcture was filtered to remove 
catalyst then concentrated to dryness under vacuum. The residue was recrystallized 
IS from ethyl acetate/dichloromethane to provide N^-(l, l-dimetfaylethyl)tetrazolo[l»5- 
a]quinoline-4,5-diamine as a pale bhie crystalline solid. 

Exanq)le20 

6-(l,l-Dinieth]iethyl)-6H-imida2o[4,5-^]tetrazolo[U^ 
Dietho^^ethyl acetate (1.9 mL) was added dropwise to a sohxtioh of N'- 
20 (1, l-diniethylethyOt^razolo[l»S*a]quinolme*4«S*diamine (1 .5 g, S.9 mmole. 

Example 19) in acetic add (IS mL). The reaction mixture was heated on a steam 
bath for 1 hour then made basic with sodhmi hydroxide. The resulting predpitate 
was isolated by filtration then recfystallized from ethanol to provide 6-(l,l- 
dimeth]4ethyl)-6H-iniidazo[4,S-c]tetrazolo[l,S*a]quinolinep m.p. 224-226X. 
23 Analysis: Calculated for C14HJ4N6: %C, 63.13; %H, 5.29; %N. 31.56; Found: %C. 
62.90; %H, 5.44; %N, 3 1.52. 

Example 21 
6H-Imidazo[4,5-c]trtrazolo[l,S-a]quinoIine 
6<l,l-IMniethyl^hyl)-6H-imidazoKS<]tetrazolo[l^ g, 3.8 

30 mmole, Example 20) was added to hydrochloric add (S mL of 6N); water (20 mL) 
was added and the mbcture was heated ona steam bath for 1 hour. The reaction 
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mixture was aUowed to cool to ambient temperature basic (pH 11) by 

the addition f sodium hydroxide solution. The resulting precipitate was isolated by 
filtration, dried then recrystallized fi'om N.N-dimethyffbrmamide to provide 0.6S g 
of the desired product as a solid. A sample ofthis material was refluxed in a large 
5 amount of dichloromethanc/methanol, isolated by filtration, then dried to provide 
6H*imidazo[4,S^]t^razolo[l,5-a]quinoline as a solid, m.p. >300^C Analysis: 
Calculated for CioH^6: %C, 57. 14; %H 2.88; %N, 39.98; Found: VoC, 56.89; 
%H. 3.10; %N 39.34. The structure was confinned by both mass q>ectroscopy and 
nuclear magnetic resonance spectroscopy. 
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WHAT IS CLAIMED IS: 

1. Aprocess for prq)iaring a chemical coiiq)ound comprising the steps 

£: 

5 CO pravidiiig a tetrazolo[l,S-a]qutiioliii*S-ol; and 

(n) nitniting tiie conqxiund from step (i) to provide a 4-nitrotetrazolo[l,5* 
a]quinolin-S-ol. 

2* The process ofdatml^fuitber comprising the step o£ 
10 (m) sulfonyiadng the conq)ound from step (li) to provi^ 
a]quinoIin-S-sulfonate. 

3. The process ofdaim 2, further comprising the step oC 
Qv) reacting the conqxnmd from step (m) with an amine to provide a (5- 
15 8ub8titiited)-4-mtrotetra2oto[l,S*a]qiunol^ 



4. The process ofdaim 3, further compriang the step of: 
(v) reducing the compound from step Qv) to provide a (5- 

substituted)tetrazolo[ 1 »S-a]quuioline-4,5-diamine. 

20 

5. The process of daim 4, fiuther conq>rising the step of: 

(vO reacting the compound from step (v) voth a carboT^c add or an equivalent 
thereof to provide a (S-substituted) (6-substituted) 6H-imidazo[4,S-c]tetrazolo[l,S- 
a]quinoline. 

25 

6. The process of daim S, further comprising the step of. 

(vii) reacting the confound from step (vi) with triphenylphosphine to provide a 
(l-substituted) (2»substituted) N-triphenylphosphinyl-lH-imidazoKS-c]quinolin-4- 
anune. 
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7. Die process f daim 6, furthor conqmsing the steps f: 
(viii) hydr lyzii% the compouml from step (vu) to provide a (1-substiti^ 

substituted) lH-iinidazo[4,S<]quinolin-4-aniine; and 
(xi) isolating the (1-substituted) (2-substituted) lH»imidazo[4,5*c]quinofin-4* 
5 anoine or a phannaceuticaDy acceptable addition salt thereof 

8. A process for preparing a cheinical compound comprising the 8 

of: 

0) providing a (4-substituted) ammo-2<hloro*3-nitroquinoline; and 
10 (ja) reacting the conq)oundfix>m step 0) with sodium azide to provide a (5- 
substituted>4-mtrotetnizoIo[ 1 ,S-»]quinolm-S-anune. 

9. The process of daim 8, fiirther conqnising the step of: 
Oil) redudqg the conq)ound from step (v) to provide a (5- 

15 substituted)tetrazolo[ 1 ,S-a]quinoline-4,S-diamine. 

10. The process of daim 9» further comprising the step of: 

(iv) reacting the conq)ound from step Oii) with a carbo^Uc add or an equivalent 
thereof to provide a (5-substituted) (6-sub8tituted) 6H-inudazo[4,S*c]tetrazob[l»S- 

20 a]quinoline. 

11. The process of daim 10, fiirther comprising the step of 

(v) reacting the conq)ound firom step (tv) with triphenylphosphine to pro^de a 
(l-substituted) (2-5ubstituted) N-triphen^phosphinyMH-imidazo[4,5^]quinolin-4* 

25 amine. 

12. The process of daim 11, fiirther compriang the steps of 

(vi) hydrolyzing the conqxmnd from step (v) to provide a (1-substituted) (2* 
substituted) lH-iimdazo[4,5-c]quinoIin-4-amine; and 

30 (yS) isolating the (l*substituted)(2-substituted) lH-imidaro[4,5-c]q^ 
amine or a phannaceutically acceptable addition sdt thereof 
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13. Aprocess for preparing a chemical compound comprising the steps 

of 

(t) providing a (1-substituted) (2-substituted) 4*d)IorD-lH-imidazo[4»S- 
5 c]quinoUne; and 

(n) reacting the conq)oimd from step 0) with hydrazitte to provide a (1* 
substituted) (2-substituted) 4*hydrazmo-lH-imidazD[4,S-c]quinoiine. 

14. The process of claim 13, fiirthercomprisiiQ the step of: 
10 Cm) reactiqg the compcnmd from stq)Oi)i9vith8odhmimtrite^^ 

substituted) (6-sub^tuted) 6H-imidazo[4,S-c]tetrazolo[l,5^]quinoline. 

15. The process of daim 14, further conqjrising the step of: 

(iv) reacting the conqK>und from step (m) with triphenylpho^hine to provide a 
15 (l*substituted) (2-sub8tituted) N-triphen^hosphin^lH^jmidazoKS^clquinoliii^ 

amine. 

16. The process of daim IS, fiirther conqnising the steps of: 

(v) faydrolyzing the conq[K)und from step (iv) to provide a (^substituted) (2- 
20 substituted) lH-iniidazo[4,S-c]quinolin-4-amine; and 

(vi) isolating the (1 -substituted) (2-substituted) lH-tnuda2o[4,S-c]quinolin-4- 
amine or a pharmaceutically acceptable addition sah thereof 

17. A process for prq>aring a dxemical compound comprising the steps 

25 of: 

0) pro^ading a (S-substituted) (6-substituted) 6H-imidazo[4,S<c]tetrazolo[l,5- 
ajquinoline; and 

(ii) reacting the compound from step CO with triphen^phosphine to provide a 
(1-substituted) (2-substituted) N-triphen^phosphinyl-lH-imidazo[4,S-c]qiunoiiiH4- 
30 amine. 
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18. The process of datm 17, fiirther coixq)riaiig the steps of: 

(m) faydrotyzing the compound firom step 00 1 provide a (1-substituted) (2- 
substituted) lHHimdazo[4,S-c]quinoliii-4-axnine; and 
(vi) isolating the (1 ^substituted) (2-8ubstituted) lH-imidazo[4,5-c]quinolin-4- 
5 amine or a pharmaceuticalfy acceptable addition sah thmof 

19. A process according to Claim 7 wherein the (1-substituted) (2- 
substituted) lH-imidazo[4,S-c](iuinolin-4«aniine is l-(2-mAhylprop^lH- 
nnidazo[4,S-c]quinoIiii-4-amine. 

10 

20. A process according to Claim 12 wherdn the (1-substituted) (2- 
substituted) lH-imidazo[4»S^]quinolin^4-*amine is l-(2-metli^propyI)-lH* 
imidazo[4»S-c]quinolin-4-aniine. 

15 21. A process according to Claim 16 vdierein the (1-substituted) (2- 

substituted) lH-imidazo[4,S^]quinoli&4-amine b l-(2-methy^ropyI)-lH- 
inudazo[4,S-c]quinoIin-4-amine. 

22. A process according to Ckiim 18 wherein the (l*substituted) (2- 
20 substituted) lH*imidazo[4,5-c]quinolin^4-amine is l-(2-m^i^rop^lH* 

imidazo[4,S-c]quinolin-4-amine. 

23. The compound 4^utrotetrazoIo[US-a]quinolin-S-oL 
25 24. A compound of Formula m 
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^K^ierein R* is selected firom the group consisting of aikyl, haloalkyi and aryL 

25. A conqK>und according to Claim 24 v^ereinR* is triflu romethyl. 

5 

26. A compound accordii^ to Fonmila IV 




IV 



10 v^ierein Ri is selected firom the group consisting of all^l of one to about six carbon 
atoms, hydroxy alkyl v^imin the aD^ moiety contains one to about 6 carbon 
atoms, and arylalk^ wherein the alk^ moiety contains one to about three carbon 
atoms. 

12 27. A compcnmd according to Claim 26 wherein R| is selected fiom the 

group consisting of 2-methyIpropyl, 2-hydroxy-2-metl^prop^ benzyl and 
phenyletfayl. 

28. A conq)ound according to Claim 27 wherein Ri is 2-methylprop^ 

20 



•32- 



wo 97/48704 



PCT/US96A6972 



29. A compound of Fonnula V 




V 



5 ^v^ierein Rt is selected fitmi the group conastt^g of alkyl of one to about six caibon 
atoms, faydroxy aO^ v^erein the all^l moiety contains one to about 6 caibon 
atoms, and aiyhilk^ v^ierein the alkyl moiety contains one to about three carbon 
atoms. 

10 30. A conq)ound according to Claim 29 wherein R| is selected from the 

group consisting of 2-methylpropyl» 2-hydroxy-2-meth^prop^ boizyl and 
pbenyietl^L 

31. A compound according to Claim 30 wherdn R| is 2-methyiprop^. 

15 

32. A conqsound of Formula VI 




20 wherein Ri is selected from the group con^sting of hydrogen, alkyl of one to about 
m carbon atoms, faydroxy alkyl wha^ the alk^ moi^ contains one to about 6 
carbon atoms, and arylalkyl wherdn the aO^ moiety contains one to about three 
carbon atotns; and R2 is selected from the group conasting of hydrogen, alkyl f 
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10 



15 



20 



one t about four carbon atoms, alkoxyalkyl \^ierein the aDcoxy moiety contains 
ne to about four carbon atoms and the alkyl moiety contains ne to about four 
carbon atoms, bydro?^ alk}i wherein the all^ ntoiety contains one t about four 
carbon at ms» haloall^l wherein the alkyi moiety contains net about f ur carbon 
atoms» and aryloxymethyl. 

33 . A compound according to Claim 32 whmin Ri is selected fiom the 
group consisting of hydrogen. 2-mdh^propyl, 2*hydn>xy-2-mediyipropyi, henz^ 
and phenyletfayl. 

34. A compound according to Clahn 32 wherein R2 is selected firom the 
groi^ consisting of hydrogen, methyl, ethoxymtthyl, and benzyl 

35. A conqKmnd according to Claim 32 whorein Rt is 2-methylprDpyl 
and R3 is hydrogea 

36. A compound according to Claim 32 ii^erein R| is hydrogen and Ra 
isl^drogen. ^ 

37. A compound of Formula Vn 



idimin R] is selected from the group consisting of hydrogo, alk^ of one to about 
sbc carbon atoms, hydroxy alkyl wherein the alkyl moiety contains one to about 6 
carbon atoms, and arylalkyl wherdn the alkyl moiety contains one to about three 
carbon at ms; and R3 ts selected from the group consistmg of hydrogm, all^ of 
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one to about four carb n atoms, aDcoxyalk^ i^dierein the alkoxy moiety contains 
one to about four carbon atoms and the all^l moiety contains one to about four 
carbon atoms, hydroxyl all^l wherein the all^ moiety contams ne to about four 
carb nat ms, haloall^ wherein the alk^ moiety contains netoab utfow carbon 
5 atoms, and arylo^^etfayl. 

38. A compound according to Claim 37 ^mn Rt is selected from the 
group consistmg of hydrogen, l-metl^tprop^ 24iydroxy-2-metfa^pn)p^ benzyl 
and phenylethyl and R3 is selected from the group consisting of hydrogen, m^yl, 

10 ^hoxymrthyl, and ben^ 

39. A compcnirui accordmg to Claim 38 wherein Ri is 2-meth^propyl 
and R3 is hydrogen. 

15 40. A compcHmd of Formula XI 




wherein Ri is selected from the group consisting of hydrogen, alkyl of one to about 
20 sbc carbon atoms, hydroxy alkyl vdieran the alkyl moiety contains one to about 6 
carbon atoms, and ar^alkjd ^tdierdn the alkyl moiety contains one to about three 
carbon atoms; and R3 is sdected from the group consisting of hydrogen, alkyl of 
one to about four carbon atoms, alkoxyalkyl wherdn the alkoxy moiety contains 
one to about four carbon atoms and the alk^ mcnety contains one to about four 
25 carbon atoms, hydro>^ alk^ wherein the alk^ moiety contains one to about four 
carbon atoms, haloalkyi herein the alkyl moiety contains one to about four carbon 
atoms, and aryl xymethyl. 
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41. Acoii9(niiidaccofdiiigtoaiim40w 

group consisting of hydrogen, 2-metfaylpropyl 2-l9droxy-2*metfa^prop^ heoiyl 
and phen^ethyl and R3 is selected from the group consisting f hydrogen, meth^ 
5 ethoxymetfayl, and brazyL 

42. AconqKn]ndaccon£ngtoCIaim4I wherdnR]is2-metlq^^ 
and Rj is hydrogen. 
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